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EFFECT OF IJ3NGTH+EAM RATIO ON TEE AERODYNAMIC

CHARACTWU3T3.CS OF ljWING=BOAT HULLS

By Camp%ell C. Yates and John M. Riebe
—

A wind-tunnel investigateion was w.de-to determine the effect
of length+esm ratio on the aeroeic characteristics of a
family of’flying~oat hulls in the presence ofa wing. The hulls 4“
were designed to have app’foxjnmtelythe same hydrodynamic performance
with respect to spray and resistance characteristics regardless of
length+eam ratio. —

The investigation indi&ted’a reduction in minimum drag
coefficient of 0.0022 (29 percent) with fixed trar.sitionwhen
lengtl+beamratio was extended frcm 6 to 15. Min~mn drag

..

generally oocurred in the angle-of-attack range from 2° to 3°
for all length-beam ratios. Increasing length-bee. mratiofrcm
6 to 15 increased the hull longitudinal stabilityby ansmount
corresponding to a rearward aerodynamitienter shift of about

2* percent meanaerodynamic chord on a flying boat; at ah a~le of

attack of 2° the same change in length-beam ratio increa.fiedthe
hull directional instability by increasing the variatfon of Yawlng-
moment coefficient with angle of yaw fr.cma value of 0.Ci309to - “-
a value of 0.0014.

Incorporating a hull step fairing, which extended longitudinally
about 9 times the depth of the step at ttiekeel, resulted in a
reduction up to 16 percent in minimum drag coefficient.

INTRODUCTION

?

In view of the requirements for increased range and increased
speed In future flying-boat designs, the Langley Laboratory of the “’-
NACA iS making

of flying-boat
an invest~~tion of the aerodynamic characteristics
hulls as affected by hull dimensions and null shape.
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Hydrodynamic tests have shorn that at the sams
length-beam ratio may be varied without appreciably
hvdrdvnamic uerformsnoe with res~ect to resistance

NACA ~ NO ● 2.305

$??0SS load the
altering the
and spray

.$ “-

.

okarac”tiristi;sprovided that the-prodwt of the beam ani-the
square of the length iQ held mnstemt, This criterion was used
in desi@ ng a f’emilyof hulls with lmgth-hewn ratios of’6, 9,
3.2, and 15.which are applicable to a flying boat for which gross
weight~ power, centar of gravity, tail length, and all @ome tries
except the hull itself are held constant. Tlm hydrodynamic perform-
ance with respect to spray and resistance characteristicswould .
therefore be similar reganlless of length-bean ratio in the afore-
mmtioned range; thus, the relative aerodynamic performance of the
hulls would be an important factor in determining the length-beam
ratio use~ in the flying-boat design.

The present investimtion was made in the I@@.ey 300 MPH ‘?-
by 10-foot tunnel to deterr~ne the effect of length-beam ratio on
the aerodynamic character~s:1cs of the family of ,hul.lspreviously
described. The effect of wing interference is included in these
oharacterlstics.

comIcIENTs ANDJSYM130’LS

The results of the tests axe presented as standard NACA
coefficients of forces @ moments. Rolling-moment, yawing-mxnsuxt,
snd pitching-moment coefficients are @ven about the location
(3@percent-chord po~nt of wing) shown in figure 1. Except where
noted, the wing area, man aerodynamic chord,.and span of a hypo-
thetical Q@gboat derived from the XEBB-l flyi.ngboat (Tig. 2)
are used in determining the coefficients and Reynolds number.
The data are referred to the stability axes, which are a system
of axes having their origin at the center of moments shown in
figure 1 and in which the Z-axi6 is in the plane of symmetry
and perpendicular to the relative wind, the X-axis is in the
@ane of symmetry end perpendicular to the Z-axis, and the Y-sxis
is perpendicular to the plane of S=-try. The yositive directions
of the stability sxes are shown in figure 3.

The coefficients and qmkds are defined as follows:

CL lift coefficient {Lift/qS where Lift = -Z)

CD drag coefficient @rag/qS where Drag = -Z tiheu ~ = O)

c~ longitudined.-force coefficient (X/@)

k
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lateral-force coefficient (Y/@)

roll.ing-mmxmt coefficient (L/qS?J)

pitching-momnt coefficient (M/@6)

yawin&-moment coefficient (N/qSb)

force along X+3xis, pounds

force along Y-sxis, pounds

force e3.ongZ-sxif3,poutia

rolling moment, foot-pounds

pitchi~mommt, f->t-younds

yawing moment, foot-pomds

free-stream dynamic pressure, pounds

wing area (1.8.P64sqft for ~j&SC&

flying boat, fi~. 2)

3

-—

..-

per square foot

mdel of hypothetical

DBan aeroQmmic chord of wing (1.377 ft for .&scsle model

of hypothetical flying boa’t,fig. 2)

wing span (13.971 ft for ,//-scalemodel of hypothetical

flying boat, fig. 2)

air velocity, feet per second

miss &ensity of air, slugs per cubic foot

&mgle of attack of hull %ase line, degrees except where
otherwis8 ~ma

length-beam ratio where L is dWtsnce from forws%d
perpendicular ~1.P.) to Sternpost and b is maximum
beam (ftg. 1)

.

*
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Reynolds number, based on mean aerodynamic chord of wing.

Mach num”er

(

Airspeed

) _Speed of &ound in air
—.— ---.

minimumdrag coefficient ‘-”-

minimm drag coefficient based on maximum crcms-sectiond
area A of hull (Drag/qA)

—
minimum dra~ coefk’icientbased on volume v of hull

(Drag/qv~/3)

mi.zhnumdrag coefficient based on surface area W of
htd.1 (Dra~/qW)

b-

●

MODEL AJIDA2PAIZATU9

The hulls were tlesiped lq~the Lan@ey Hydrodynamics Division.
Dimensions of the hulls are Civen in figure 1 and cffsets are given
in tables I to IV.

Lan@.ey tank mGdel 203 (% )= 9 waG dsrimd frti a ~othetical “”-

flying boa.%,Lsn+c&y tank model 203A, essentially similar to the
Boeing XPBB-1 flying boat (fig. 2), The form and proportions of
hull 203 (all Langley tank models are referred to herein as hulls
%ecause only the hulls of the madels were used for tll tests) are the
same as those of hull 203A except that the tail ox-tensionwas refaired
and the depth of s+mp at the keel was inc~ased from O.@ inch to
1.16 inches. The depth of stsp was increaeed to permit adequa’a ~

hydrodynamic stzibili%yat the lcwest lenggh-beam ratio. Because the
depth d.stip is to reuiin a const.mt throughout the series, it is not
to he assuwd that the @lrodynamic stability is similar for the

.-
i

several models but it may be assumed that the c-e in stability
is not s~ch aa to make any of the hulls unsatlsfactary.
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-w tank nmtiels 213, 214, and
by keeping constant the product of the
length, the depth of step at tilekeel,

5

224 Wgre ~ri~ed f~om~el ~3
beam and the square of the
and the maximum height of the

hull. -The location of t-% wing with respect to the step & the
length of the hull.aft of the step (afterbody plus length of tail
extension) are the senm for all models. TbB chamge in over-all

length due to variation of # is accomplished by varying the

forebody length, The volums, smf ace areas, maxinum cross-sectional
areas, and side exeas for the four hulls are ccmpered in the
following table:

=Cey ~
Volune

Maximum cross-
Surface area sectional area Side mea

model
F (cu in.) (sq in.) (Sq in.) (Sq in.)

213 6 14,831 4540 226 ~639

203 9 U, 916 4581 1* 1752

214 I-2 u., 528 4654 150 1870

224 15 10,653 476a 130 1995

The md.els were mounted on a wing which was designed either to
spsm the tunnel test section vertically as shown in figure 4
(two-dimensionalmounting) or to he mounted horizontally as shown
in fi~e 5 (three-Mnensi.onalmountinfz). Transformatton from
one mounting to the other was achieved thrcu@ the use of end caps
~d suitable cover ylates. on all models, the wing was set at an
angle of incidence of 4° to the base line, had a 20-Inch chord, and
was of the NACA ~~~1 airfoil section.

The hulls and wing were of laminated+rood construction and
were finished with yigmented varnish.

Step fairings that extended 9 tires the correspondhg depth of
step at the keel were made of wooden blocks for the hulls of

~ = 6 and $ = 12. The general _proportionsof the fairings are

shown in figure 6.

.
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msns

!lestConditions

The tests w%re made in the Langley 300 MPH ~- hy 10-foot
tunnel at dyrwnic premurws ranging from 25 to 200 pounds per
square foot, which correspond to airwpeods ranging from 100 to
290 miles per hour. Reynclds numbers, be~ed on the men aero-
dynamic chord ox the w@ of
from 1.2? x 10b to 3.40 x
from O.13 to 0.39 (fig. 7).

the hypothetical flying boat,ran@l
1.6. CorrespondingMach numbers r~ed

Corrections ‘

Blockiw corrections have been applied to the wing and
wi~-phze-hull data.. The drag of the hull has been corrected for
horizontal buoyancy effects caused by a tunnel static-pressure
&m%dient. Angles of attack hs,vebeen corrected for whuctural
deflections ceused by aerodynamic forces.

Test Procedure

~Le aerodynamic cbsr.acteristicsof the hulls were determirad
with the interference cf the ruoumtingwi~ by testi~ the ~
alone and the ‘ting-plus-hullcomlxlnationsu@m the sam conditions.
The aerodynamic coeffj.cientsof’the hull.were then determined hy
subtraction of win~-alone coeffli.cientsfrai~~,fing-pl~-hfll
coefficients, —.

In order to minimize possi%le errors that result from transition
shifti~ on the wfi~, the ting transition was fixed at the leading
ed~p Ior all tests by mems of rou@.mss strips of approxirmtely
O.GQ&inch-die.mster Carborundum particlou. The particles were applied
for a len@h of 8 percent chord of the mou,nttig‘wfngreasured alone
the airfoil contour from the leading edgs on both ulper &r& lower
surfaces. -.

The hulls, with the exceytion of hull 224, were tested with
ffied ~.ndfree transition. For the fixed-transition tests, a

transition strip ~ inch wide was located apyroximtely 5 percent

of the hull length aft of the bow. Carbo&ndump ar;icles of
a~proxhately

With the

made with the

,

0.00&inch diaue’~r were used for ‘Wis strip also.

exception of hull,224
G=’)

pitch tests were

model mounted horizontsll.lyand vertically to ottain

a

.

1

I

I
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data with different tunnel-wall conditions and different mountjngs.
Hull 224 was testid at a later date then were the hulls of lower
length-beam ratios and was tested only with the horizontal.
mounting. All yaw tists were made with the horizontal mounting.

RESULTS AND DISCUSSION

The efiects of -length-bean ratio on the vsriation of hull
aerodynamic characteristics with angle of attack are presented
in figures 8 and 9 and with angle or yaw in figure 10. The
effects of length-beam ratio on drag and on the stability
pammeters C~, Cn*J ~ q~ are summarized in figure 11.

Comparison of data (figs. 8 and 9) from the two-dimensional
and three-dimmsional mounting setu~s under shilar ted conditions
shows fair& good agreement. An increase in the length-beam ratio
resulted.in a reduction in +J1o&“ag coefficient throughout the angle-
of-attack range testeal. Th~ minimum drag coefficient for most
conditions occurred in %ke @e -of-attack rage between 2° emd 3°.
Because of structural limitations of the mounting wing, it was
necessery ‘tolimit the data obtained at the hi@er Reynolds number
conditions to the angle-of-attack ranges shown. With tmnsition

f@cd, the minimum drag coefficient for the hull of $ = 9 was

less by a value of 0.0009 (I2 ercent) than the minimuzndrag
icoefficient for the hull of ~ = 6 (fig. 11). Smaller reductions

in minimum drag coefficient, 0.0007 and O.CQ06, occurred when ~ was

extended from 9 to 12 and from 12 to 15, respeGtiwly, The over-all

~ from 6 to 15 was 0.0022, areduction for sn extension of ~

reduction of 29 percent. The data for the free-transition tests

show tha sane ~neral variation of &c~n with ~J amd the value

‘f C%in
is about 0.0005 lower than for the fixed-transition

tests throu@out the range of length-beam ratio. Reference 1 indicates

that the sm @neral trend.of Cwn with $ will probably occur

for a hull without wing interference although the absolub values
till differ.

The characteristic of drag reduction with increase in length-
beam ratio is dmilar to that reported in a Brittsh payer of ltilted
distribution by Clark.and Camron. A comparison with data from
the British paper of drag coefficients (transition free) based
on cross-sectional area, vol ‘~, and surface area is presented
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in fi~e 12. Variatiomof the dreg coefficients with ~ generally

coqare favorably. It mustbe rermibered, however, that the hulls
tested by Clark and Cameron we~e not designed from-the same hydro-
mamic criterion used in the yresent in.veatigationand were testd at
a lower ?%ynolds number. The British results are, therefore, not
directly comparable with the r&sults of we present investigation
but indicate the seinetrends. Theeffect of Reynords number onC~n
as indicated herein (fig. .13)was generally small; howsver, SOEB
reduction did occur with Reynolds number, especiaMy for the
transition-free condition.

●

In order to dbtain some indication of the effect of aerodynamic
refin.emnt on the vsri~tion of C~n with length-beam ratio, the.
hulls of

$“
6

shown in figure
of the ori.~inal
coefficient for

and - = 12 were tested with step fairings as:
6. A comparisaaof these data (’fig.14) with those
step condition shows a similar reduction in drag
both length-beam ratios; thus the sec,~&neral

variation of ~~ti with ~ exists. The reductiw in drag

coefficient was approximately 13 -percent-forthe hull of ~ = 6

and 16 percent for the hull of ~ = 12..-These data agree in b
~~neral with the data of the British paper in which the drag coefficient

of a hull of ;=7($
)

= 5,7 “aa defined in the p~sent paper *

was decreased 16 percent by the ed.ditionof a step fairing.

Increased lengbh-leam ratio had a beneficial effect on hull
longitudinal stahi.lity%ut caused.en Sjncrease~nd-tiectional itita%ility
(fig. 11). The change in @’@.tudi@ stability cgrsesponds to

a rearward aerodynad.s-center shift of a}out”~ percent Man aero-

@namic chorilon aflying%oat when # was changed.from 6 to 15.

Calculation made fro’preference 2 for the hulls without wing titor-
ference gve mlues of CnIa approximately the sam as those of

figare 11, which fact indicates that t&e geo~try of the hulls-” ““”

pro%ably accounted fgr most_of the v~}ation of ~ with ~.

Reynolds number and.transition had very little effect on C%.

At an engle of attack for misxhumdrag of 2°, the directional

Linstability, measured by ~V, was greater for ~.= 15 than for

L- . 6, the values of Cn$
-b bein~ 0.0014~ O.000~, respectively.

Increasing the angls of attack-tg 6° resulted ins-less unstable
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condition: the values of Cn* were generally reduced alout 0.0002

throughout the range of length-beam ratio.

An estimate was made to determine the
increasing lengjtih-beamratio for the hulls
tails, the sizes of which wera adjuste~ to
statiility. Calculations ii~d?.catethat the
tail size would have a sru%ll.effect on the

—

drag reduction with
fitted.witi vertical
give the sam directional
increase in vertical-
variation of ti% with

length-beam ratio; as a resuit, the drag coefficient contri%ted by the
Lvertical tail would he about 0.0002 greater for - = 15 than that

for $ = 6. HS increase in vertic~-tti size ~otid he somewhat

compensated for by an allowable decrease in horizontal-tail area at
the higher length-team ratios provided that sufficient horizontal-
tail area were available for trim. The decrease in hori.zontal-

tail area with ~, however, would probably be less than the increase
in vertical-tail area.

The paramter C!y$ was slightly more positive at the higher

length-bean ratios. Increasing the an@e of attack from 20 to 60
had a negligible effect on CyV. These variations of tie premters
@+ and C? With ~ probably result from the increase of hU1l.

length and side ma ahead of the center of momnt at the higher

value of * as shown in figure 1. For convenience the siability

paramters for eaoh value of ~ exe presented in tdble V. In

order to compare the results of these tests with the results of’
—

investigations made of other hulls and fusela~es, the partiters &,
acnf’/~*’, SLld &@~, as given in references 3, 4, and 5,

res~ectively, azzeincluded in the table. The pmmter Kf is a

fuselage mownt factor, in ths farm of &&@a, based on hull

—

beam and len@h where a is in radians. The yawing-moment
coefficient C&.’ in aCnf‘/~*’ is based on volm and is

given about a reference axis 0.3 of the hull.le&th from the

nose. The paramater &n/~~ is based on hull side area and .

len@h for which the yawing nncent is also given about a reference
=is 0.3 of the hull len@h frm the nose and ~ is @ven
in radians.
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,

Instability
&nerally agreed

as given by the parameters bCIIf‘/?W end aCr@
closely with the hull values ~ive~ in references 4

and 5. The increaae of &&’ ~d*’ with ~ can he attrilmted

to the reduced numerical val&s of vohnu6 used in ~Sterm3ning the
coefficient at the hi@er len@h-beam ratios as well as the ‘

L@nerally destahilizing effect of increasiw y.

(L!=
-b

u

Tuft studies of the forebody bottom amd step part of mcdel 203

9) are presented in figures 15 ad 16, r~spective~v.

COIYCGUSIONS

The results of Wind-tunnel tests of a family of %ulle - in
the presence of a wing - having len@h-beam ratioe of 6, 9, Q,
md 15, a coJ~tant product of the team and the square of the
length, a constant hei@t, and the same depth of st%p at the
keel indicated the following-conclusions:

1. With transitim fixed a reduction in minimum drag coefficient
of 0.0022 (29 -@rcent) occurred when length-beam ratio was extended
from 6 to 15.

2 Minimum dra~ for all hulls te~ted ~neral~”-occurred in
*he range of anfg.e“ofattack from 2° to 3°.

3. Increasing length-beem ratio from 6 to 15 cauced an increase
in hull longitudinal stability ly an amount corresponding to a

rearward @_eyot&nsmic-center shift of about ~ yercent mean

aerodynamic chord on & flyin;;boat.

4. Increasing length-beam ratio from 6 to 15 iiitireasedthe
hull directional instability by increasing the vazziat.lonof yawing-
momnt coefficient with angle of yaw from a val.vfio.f_OtOO09 to
a value of 0.0014 at an e,ngleof attack of’2°.

5. Incorporatlw a hull step fairing, which extended longitudinally
shout 9 times the depth of the step at the keel, rostited in a reduction
UY to 16 percent in minimum drag coefficient.

I

.

Ia@ey Memorial Aeronautical Laboratory --
National Advisory Comnittee for Aeronautics

Langley Field, Vs., Dcember 12, 1946
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AND STABILITY PARAME~S FOR YAFKEEY TANK MODELS 213, 20s, 214, AND 2z!4
k

mm DRAG Colm?l’clmrl?s
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Model
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u = PO
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u = 6°
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Fig. 1
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NACA TN No. 1305
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Pfodel 224j + =/5 NATIONAL ADVISORY
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Figure 1.- Lines of Langley tank models 203, 213, 214, and 224.
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NACA TN No. 1305 Fig. 2

f-’.

%7I

S = /8.264 ff’

z= ).377 F+

II
t >

NATIONAL ADVISORY
COMMITTEE FORAERONAUTICS

——

Figure 2.- Comparison of -&scale models of the XPBB-1 flying boat

and hypothetical flying boat incorporating hull 203 (#= 9).



Fig. 3 NACA TN ~0. IW5 ‘
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Figure 3.—System of stability axes. Positive values of’forces,
moments, and angles are indicated by arrows.
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NACA TN “NO. 1305 Fig. 4a

.

(a] Wing alone.
Figure 4.- Two-dimensional mountig of flying-boat hulls in the

Langley 300 MPH 7- by 10-foot tunnel.
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NACA m ~Oa 1305 Fig. 4b

(b) Hdl 203(# =9) with whlgo

Figure 4.- Concluded t
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(a) WW alma
l?i~e i;.- “Tkree-dimmsioti mounting of flying-boathullsh the

Langley 300 MPH 7- by 10-foot~el.
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(b} HW X33 (; = 9) with wing.

F&ure 5.- Concluded.

%
fi

s



NACA TN NO. 1305
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Fig. 6
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Figure 6.- General details of step f’airings. Bottom vi-ewof hull.
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Figure 7.- Variation of Mach number with Reynolds number of the ~-scale hulls of a
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0

Anqle of attack, M, deq

(a) R = 1,250,000; transition fixed.

Figure 8.- Effect of length-beam ratio. on the aerodynamic

characteristics in pitch-of the ~-scale hulls of a hypothetical

flying boat. Two -dimensional mounting. .



Fig. 8b
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A qle of attack, CC,deq

(b) R = 2,450,000; transition fixed.

FQure 8.- Continued.
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NACA TN No. 1305 Fig. 8C

An9/e of attack, w, deq

(c) R = 3,400 ,000; transition fixed.

Figure 8.- Continued.



NACA TN No. 1305
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AqJc of a)t~ck, m, deq

1,250 ,000; transition free.(d)R=

Figure 8.- Co=tinued.



NACA TN No. 1305 Fig. 8e

.

.

.

. .

‘.08

Aqle of attack, =, deq

(e) R = 3,400,000; transition free. .

Figure 8.- C~ilCIUdeti. ---
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Fig. 9 NACA TN No. 1335

.

Anq/e of attzzck, K, deq

Figure 9.-’ Effect of length-beam ratio on the aerodynamic

characteristics in pitch of the ~-scale hulls of a hypothetical

fljning boat, transition fixed. Three-dimensioti mounting.
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NACA TN No. 1305 Fig. 10a
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Figure 10.- Effect of length-beam ratio on the aerodynamic

characteristics in yaw of the ~-scale hulls of a hypothetical
10

flykg boat. Three-dimensional mounting.



Fig. 10aconc. NACA TN No. 1395
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Figure 10. - Continued.



NACA TN No. 1305 Fig. 10b
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(b)a=6°; R= 1,250,000; transition fixed.

Figure 10.- Continued.



Fig. 10b cone. NACA TN NO. 1305
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NACA TN No. 1335 Fig. 11
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Figure 11. - Effect of length-beam ratio on CD and the
.nlill

parameters Cma, Cny , CY+ ~-scale hulls of a
‘or ‘he 10

hypothetical flying boat..
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Effect of Reynolds number on CD for the &-scale hulls of a
min

hypothetical flying boat. ‘



NACA TN No. 1335Fig. 14
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Figure 14. - Effect of step fairing on the aerodynamic characteristics t

in pitch of the ~-scale hulls of a hypothetical flying boat. —

R= 2,450 ,000; transition fixed; three-dimensional mounting.
t



NACA TN NO. 1305 I?ig. 15

a= -80

a = 0“

------- ___

a = 4“

a= 8°

Figure 15. -
(F )

Tuft studies of forebody bottom of hull 203 L = 9 .
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NACA TN NO. 1305
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Figure 16. - ()Ttit studies of step part of h~ M 3 ~ = 9 c
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